The aim of this study was to investigate the effect of different sources of iron, hormones and agrobacterium tumefaciens in the chlorophyll and iron concentration of the peach cultivars Katerina and Fire Blight. The results showed that the concentration of Fe in the leaves was significantly increased after spraying with FeSO 4 .7H 2 O (alone or in combination with KNO 3 , urea, citric acid or ascorbic acid) or with GA 3 + Kinetin. Soil applications with Fe-EDDHA also significantly increased the iron concentration in leaves. Chlorophyll (a/b) increased only in trees sprayed with citric acid or H 2 SO 4 60 days after application. SPAD chlorophyll measurements showed that Fe-EDDHA and FeSO 4 .7H 2 O + organic matter, applied as soil drench, significantly increased the chlorophyll concentration in leaves of Katerina even up to 120 days after application. Foliar treatments had no significant effect on the SPAD index. SPAD measurements also showed that the concentrations of chlorophyll in leaves of the rootstocks St. Julien 655/2 and wild seedling rootstocks were significantly lower than in GF677 and Antafuel. The rootstocks inoculated with the a. tumefaciens strain Ag-28 alone showed a significantly lower chlorophyll concentration than the uninoculated ones.
Iron chlorosis is a major problem of peach trees (Sanz et al. 1992) , especially when they are grown in alkaline and calcareous soils (Basar 2000; Tagliavini, Marangoni 2002; Toselli et al. 1997) , common in the fruit growing regions of Greece. It results in crop losses; in severe cases it can cause branch dieback or even entire tree killing. In order to overcome iron chlorosis, the best strategy lies in grafting trees on resistant rootstock such as GF677 (El-Gharbi et al. 1994; Stylianides et al. 1988) . However, in high calcareous soils even peach trees grafted on the GF677 rootstock can show the symptoms of iron chlorosis. Agronomic practices should aim to increase the soil organic matter concentration, avoid excess water and nitrogen supply (more than recommended doses for each field) (Stylianides, Syrgiannidis 1995). Promising results in preventing chlorosis were obtained by sowing a mixture of graminaceous species along the tree row and supplying them with Fe sulphate (Tagliavini et al. 2000) . If these practices are insufficient then iron fertilizers should be applied.
Soil and foliar application of iron containing chelates and acidic fertilizers have been recommended as remedies for iron-deficiency chlorosis (Almaliotis, Holevas 1991; Kaundal et al. 1994; Tagliavini et al. 2000; Toselli et al. 1997) . To be effective, soil applications of Fe require either synthetic chelates or large amounts of inorganic iron fertilizers that lead to high production costs. Most of commercial chelate products contain Fe-EDDHA or Fe-EDDHMA, but their efficacy can differ (Hernandez et al. 1995) . Furthermore, when Fe-EDDHA is applied excessively to peach and apple trees, it induces Mn deficiency.
A great deal of researches have been conducted over the past 40 years to determine the most effective and economical methods of correcting iron chlorosis in commercial crops (Mortvedt 1991; Sanz et al. 1992) . Many Fe sources and methods of application have been tested during this time (Mortvedt 1991) . However, effective treatments have not been found, yet. Foliar application of water soluble iron fertilizers appears to be one of the most cost-effective remedies to control Fe deficiency.
The level of total chlorophyll in a unit of fresh weight showed a progressive decrease with increasing deficient conditions (Abadia et al. 1999; Belkhodja et al. 1998; Morales et al. 1998; Nedunchezhian et al. 1997; Perez et al. 1995) . El-Gharbi et al. (1994) suggested that the measurement of chlorophyll concentration is the best method for assessing iron chlorosis.
It is a well known fact that crown gall caused by agrobacterium tumefaciens is malignant, i.e. once the plant cells have been stimulated by the bacteria to divide and enlarge, they continue to divide as long as they can obtain nutrients; such cells do not obey hormonal controls of the parent plant that regulate growth and differentiation (Agrios 1988) . In addition, this pathogen affects the integrity or function of xylem vessels interfering with uptake of water and inorganic nutrients (Agrios 1988) . A possible effect of a. tumefaciens in the chlorophyll concentration of leaves as an index of iron concentration has not been sufficiently investigated so far.
This study was conducted to determine the effect of the most suitable sources of iron application, hormones and agrobacterium tumefaciens on the chlorophyll and iron concentration in the leaves of peach trees.
MATERIAL AND METHODS
All experiments were conducted in the experimental fields of Pomology Institute, Naoussa during two consecutive years. Choice of material used in this study was based on preliminary studies that were conducted within a EU joint research project.
Experiment 1
Peach trees (11-year-old cv. Katerina grafted on GF677 peach rootstock), grown in calcareous soil (Table 1, experimental field 1), with the same chlorotic condition of the foliage (determined visually) were used. The experimental design was a completely randomized block: 14 treatments comprising of iron salts and/or acidic compounds (Table 2 ) and a surfactant, were applied to all trees. Six trees were replicated per treatment. Four foliar applications took place at monthly intervals starting on 23 rd March 1998. For each treatment, fifty randomly selected leaves per each replicated tree were collected around the tree canopy at the height of approximately 1.5 m. Only fully expanded mature healthy leaves were collected from the middle to top of the portion of shoots in the morning, placed in plastic bags and transferred to the laboratory.
The recovery from iron chlorosis has been carried out by the pigment measurement technique SPAD-502 (total index), and the measurements of minerals with atomic absorption spectroscopy for Fe, Mn, Zn, Cu, molybdophosphoric blue colour method for P, flame photometring for K and E.D.T.A. titration for Ca and Mg. In addition, chlorophyll (a and b) was Table 2 . Effect of different sources of iron spray application on peach leaf chlorophyll and mineral concentration measured at 60, 90 and 120 DAT on cultivar Katerina (these are the results for experiment 1)
Mn (ppm) Zn (ppm) Cu ( Data are the mean of two experiments (one each year); analysis of variance (ANOVA) was used to analyze the data and treatment means were separated using the least significant difference test (< 0.05) measured by using a spectrophotometer and was estimated by the equations: Chlorophyll (a) = 13.7 × A(665) -576 × A(649)mg/g; Chlorophyll (b) = 25.8 × A(649) -7.60 × A(665) mg/g.
Experiment 2
Peach trees (11-year-old cv. Fire Blight grafted on GF677 peach rootstock) cultivated on calcareous soil (Table 1 , experimental field 2) and exhibiting uniform chlorotic conditions of their foliage were used. From each tree, eight annual shoots of about 50 cm in length and uniform chlorotic conditions of the foliage were selected to apply the treatments. Treatments and doses are presented in Table 3 .
The experimental design was a completely randomized block: 8 treatments and 6 replicated trees per treatment.
Two foliar sprays were applied on 30 th May and one month later.
Leaf sample collection and measurements were similar to those described above in experiment 1.
Experiment 3
Eleven-year-old Katerina peach trees, grafted on GF677 peach rootstock and cultivated in calcareous soil (Table 1 , experimental field 3) were used. All trees showed uniform symptoms of chlorosis. The experimental design was a completely randomized block with 8 treatments and 6 replicated trees per treatment. Treatments and doses are presented in Table 4 . Applications were made in 10 cylindrical holes (about 30 cm deep, 15 cm in diameter around each trunk and about 1 m away from each tree trunk).
Leaf sample collection and measurements were carried out as described in experiment 1.
Experiment 4
The roots of one-year-old peach rootstocks GF677, Antafuel (J1), St. Julien 655/2 (SJ) and wild seedling (S) were washed with tap water to remove soil residues. The roots were then wounded (cut with a knife) and dipped in a solution containing cell suspension (at concentrations about 6 ×10 -6 ) of agrobacterium tumefaciens for 30 min. Two a. tumefaciens strains were used in this experiment. Both strains had been isolated from the roots of infected peach trees. Trees were inoculated with strains Ag-20, Ag-28 and with their combination. The inoculated trees were planted in sterile pots containing 5 litres of sterilized peat and perlite at a ratio 3:1, respectively. SPAD chloro- phyll measurements were made 6 months after the initiation of the experiment in a similar way as in experiment 1. The experimental design was a completely randomized block. There were 20 replicated trees for each treatment and 20 noninoculated trees of each rootstock were used as a control.
RESULTS AND DISCUSSION
Responses of chlorophyll concentration in leaves of Katerina and Fire Blight cultivars to different sources of iron and hormone foliar application were studied. Chlorophyll (a/b) ratio was significantly higher in leaves of Katerina trees sprayed with citric acid or H 2 SO 4 60 days after application (Table 2 ). In contrast, no significant differences were observed 90 and 120 days after application. None of the hormones and soil application affected significantly the concentration of chlorophyll (a/b) in leaves of Fire Blight and Katerina peach trees (Tables 3 and 4) .
The results of SPAD measurements showed that any of the foliar applications with iron compound or hormones did not affect significantly the concentration index of chlorophyll in leaves (Tables 2 and 3) . However, the leaves of trees sprayed with FeSO 4 .H 2 O alone or in combination with KNO 3 , urea, citric acid or ascorbic acid regreened. Fe-EDDHA, FeSO 4 .7H 2 O + organic matter and FeSO 4 .7H 2 O + organic matter + K 2 SO 4 , applied by soil drenching, increased significantly the chlorophyll concentration of leaves (Table 4) . Similarly, Tagliavini et al. (2000) reported that iron sulphate amended in the soil proved to be effective only if applied together with high amounts of organic matter. Abadia et al. (1985 Abadia et al. ( , 1989 reported that there is a linear relationship between iron concentration of the plant tissue and the rate of chlorophyll formation. Guardia et al. (1995) measured the chlorophyll concentration of leaves in peach rootstocks to evaluate the degree of their tolerance on iron chlorosis. Val et al. (1995) used the measurement of chlorophyll fluorescence to quantify Fe and Mn deficiencies in the peach cultivar Baby Gold.
The concentration of chlorophyll in the leaves differed from rootstock to rootstock (GF677, St. Julien 655/2, Antafuel, and wild Data are the mean of two experiments (one each year); analysis of variance (ANOVA) was used to analyze the data and treatment means were separated using the least significant difference (< 0.05) seedling). The St. Julien 655/2 and wild seedling rootstocks had the lowest concentration of chlorophyll, while the rootstocks GF677 and Antafuel the highest (Table 5 ). Tumors were observed in the roots of all trees inoculated by either of a. tumefaciens strains. Rootstocks inoculated with the strain Ag-28 alone had lower SPAD index (chlorophyll concentration) than control, while no significant differences were observed between other treatments. No explanation can be given for the differences among the strains and their combination. The results show that peach trees growing on calcareous soil may benefit from leaf sprays of acidic and iron containing compounds to increase leaf Fe. The evidence provided in this study is well in accordance with the assumption that the pH of the leaf apoplast plays an important role in lime-induced iron chlorosis. The results indicated that 90 days after spraying with FeSO 4 .H 2 O alone or in combination with KNO 3 , urea, citric acid or ascorbic acid, the concentration of Fe in the leaves significantly increased (Table 2) . Kaundal et al. (1994) found that FeSO 4 .H 2 O and Fe-DTPA sprays at 0.2% concentration were better than Fe citrate and equally effective in influencing iron chlorosis in peach rootstock seedlings cv. Sharbati, plant growth characteristics and foliar iron and chlorophyll concentration.
The foliar applications affected the concentration of phosphorus, potassium, calcium, zinc, copper, magnesium and manganese in leaves as compared to the control trees (Table 2) . Leaf Mn concentration was significantly higher in the trees treated with FeSO 4 .H 2 O + KNO 3 than in the control trees, which seems to have an antagonistic effect on Cu concentration ( Table 2 ). The level of iron concentration in leaves of trees sprayed with FeSO 4 .H 2 O or its combination with ascorbic acid or ascorbic acid + citric acid was reduced 120 days after application. In contrast, a positive effect of spraying with sulphuric acid was found. Leaves, unlike the roots, do not have acidifying mechanisms; therefore spraying with low pH solutions increases the mobility of iron compounds precipitated on the leaf surface.
Only the combination of the hormone treatment GA 3 + Kinetin significantly increased the concentration of iron in leaves of the variety Fire Blight (Table 4). Applications with IBA significantly increased the concentration of calcium in the leaves; IBA applied with Kinetin significantly increased the potassium; and IBA applied with Kinetin and GA 3 increased the concentration of phosphorus. An increased concentration of manganese was found in the leaves sprayed with GA 3 (Table 4) . A positive effect of gibberellic acid on the mineral composition of plants has been reported (El-Quesni et al. 1989; Harb 1992) . In contrast, Abdalla et al. (1992) reported that GA 3 at 50 mg/l decreased the concentration of iron in the leaves of drought-stressed radish plants.
Soil applications of Fe-EDDHA significantly increased the iron concentration in Katerina leaves 60 days after application (Table 3) ; however, its effectiveness was reduced 90 days after application. Althoug Fe-EDDHA is widely used to control iron deficiency (Almaliotis, Holevas 1991; Kaundal et al. 1994) , an application with Fe-EDDHA controls iron deficiency temporarily because its effectiveness is reduced with time (Table 3 ). Soil application with FeSO 4 .7H 2 O + organic matter or FeSO 4 .7H 2 O + organic matter + K 2 SO 4 increased the chlorophyll concentration index of leaves in treated trees, but not the iron concentration. An explanation is given by Morales et al. (1998) , who suggested that the iron might be immobilized in an unavailable form somewhere in the chlorotic leaves.
This work showed that foliar application of iron salts and/or acidic compounds and soil application of Fe-EDDHA can be used to increase leaf iron concentration in peach trees. Symptoms of iron deficiency can be observed in leaves of peach Analysis of variance (ANOVA) was used to analyze the data and treatment means were separated using the least significant difference test (< 0.05); trees were killed three months after inoculation; values are the mean of two experiments trees that are infected by a. tumefaciens. A careful consideration is necessary when only chlorophyll concentration of leaves is used to evaluate iron chlorosis. More studies are required to confirm the overcoming effect to determine suitable concentrations, combinations and possible negative consequences of the applied treatments after many years of application.
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